Changes of chlorophyll (Chl) a fluorescence and photosynthetic pigment contents were analysed in galled leaves (visibly damaged and undamaged parts) and intact leaves. The values of minimal fluorescence of the dark-adapted state, maximal quantum yield of PSII photochemistry, effective quantum yield of PSII photochemical conversion, and photochemical quenching coefficient decreased in Ulmus pumila L. leaves galled by Tetraneura ulmi (L.) and in U. glabra Huds. galled by Eriosoma ulmi (L.). Colopha compressa (Koch.) feeding affected these parameters only in damaged parts of U. laevis Pall. galled leaves. The increasing number of T. ulmi galls progressively decreased photosynthetic performance. In gall tissues of all analysed aphid species, the lowest photosynthetic pigment content was found, indicating that the photosynthetic capacity must have been low in galls. Significant reduction of Chl and carotenoid contents were observed in damaged and undamaged portions of galled leaves only in the case of T. ulmi feeding.
Introduction
The galling aphids (Aphididae: Eriosomatinae) inhabiting elms in Poland are heteroecious species (Wojciechowski et al. 2015) . In the spring, the first instar of fundatrix (stem mother) hatches from eggs laid in bark crevices of trees. After hatching, the larva migrates to developing leaves, finds a suitable site, and starts the galling process. In the gall, adult fundatrix gives birth parthenogenetically to offsprings that develop into winged aphids. The galls of Colopha compressa (Koch.) and Tetraneura ulmi (L.) are closed and localised on the upper side of the leaf blade, while Eriosoma ulmi (L.) forms open, leaf-roll pseudogalls (Álvarez et al. 2013, Blackman and Eastop 2017) . Only two generations of aphids develop in the galls (Urban 2003 , Wool 2004 , Kmieć and Kot 2007 , Suzuki et al. 2009 . It is commonly believed that gall inducers have the ability to control and program host plant growth in order to produce new structures by utilising behavioural, mechanical, chemical, and genetic manipulations to their own benefit. Galling insects use new structures as nutrition sources and shelters (Larson and Whitham 1991 , El-Akkad 2004 , Huang et al. 2014a . Galls are considered extended phenotypes of aphids, because the shape and size of the gall is determined by the inducing aphid (Álvarez et al. 2013) . With few exceptions, only the stem mother can induce the gall, although her offspring is genetically identical (Wool 2004) . At present, the stimulus that allows the fundatrix to interfere with developmental processes in the host plant and induce the gall is still unknown. Creation of novel cells by insect probably requires reprogramming of the plant genome. The induction of the gall causes a change in the design of the plant tissue; hypertrophy of vascular bundles, specifically, of the phloem is observed (Harris et al. 2010 (Harris et al. , Álvarez et al. 2013 . Furthermore, the occurrence of galls causes various disruptions in host plant physiology, such as changes in pH and polarity, nutrient composition, carbon transport and allocation, enzyme activity, Chl and carotenoid contents as well as alterations in secondary metabolites (El-Akkad 2004 , Huang et al. 2014b .
Photosynthesis is considered one of the most important metabolic processes in plants. Among indirect effects on physiological processes, photosynthesis disruption can have the most significant influence on plant growth and performance. The magnitude of this effect on photosynthetic capacity is multifaceted, depending mostly on the type of herbivore feeding habits and the specificity of plant defence responses (Nabity et al. 2009 ). The photosynthetic rate can be elevated by increasing sink demand, as a result of phloem parasite feeding (Retuerto et al. 2004) . Aphids drain assimilates and cause cellular damage during inserting fine stylets puncturing cell walls and injecting salivary toxins. Most of the reported functional molecules in aphid saliva are proteins that are secreted into the phloem (Elzinga et al. 2014) . Galling aphids tap directly into the host phloem and feed on the nutrients moving through the host (Larson and Whitham 1997, Álvarez et al. 2013) . The galls of Pemphigus betae Doane act as strong sinks, reversing normal transport patterns and inducing mature leaves to import photoassimilates produced in neighbouring leaves (Larson and Whitham 1991) . However, photosynthetic rates estimated by gas-exchange measurements were significantly reduced in leaves galled by Melaphis rhois (Fitch). Furthermore, aphid galls did not significantly affect photosynthesis in the surrounding leaflets (Larson 1998) . On the other hand, the galls of Caryomyia midge reduced PSII efficiency up to 14 mm away from the visibly affected tissue (Aldea et al. 2006) .
Photosynthetic performance can be evaluated by the noninvasive Chl fluorescence technique, which provides information on the impact of insect feeding on photosynthesis. This method is very useful in studying adaptive mechanisms activated in plants to cope with stress (Nabity et al. 2009, Murchie and Lawson 2013) . One of the key parameters provided by Chl fluorescence is quantum yield in dark-adapted leaves (ratio between variable and maximum fluorescence, Fv/Fm). This is a commonly used parameter to estimate plant response to various stresses, because it indicates direct damage to PSII reaction centres and alterations in the photosynthetic pigments. Changes in F v /F m values may be misinterpreted, thus, other fluorescence parameters, e.g. F 0 and F m should be also analysed. The increased F 0 and F m values caused by the drought stress have been found previously. Elevation in F 0 could result from inhibition of PSII acceptor side, Q A reduction, and dissociation of LHCII from PSII (Bączek-Kwinta et al. 2011, Murchie and Lawson 2013) . The quantum efficiency of PSII (Φ PSII ) is a particularly useful parameter, which under non-stress conditions is highly correlated with the rate of CO 2 uptake in leaves and is directly associated with carbon assimilation (Nabity et al. 2012 and references therein) .
Pigments are integrally related to the physiological function of leaves. Light energy is absorbed by Chl and transferred into the photosynthetic apparatus. Carotenoids (Car) play an accessory light-harvesting role. However, they protect the photosynthetic apparatus by quenching harmful free radicals naturally produced during photosynthesis. They also play an important role as signalling precursors during plant development under abiotic/biotic stress. Variations in pigment contents may provide information about the physiological state of leaves (Ashraf and Harris 2013) . Chl loss is associated with environmental stress, and the variation in the total Chl/Car ratio may be a good indicator of stress in plants (Netto et al. 2005) .
So far, little has been published on the physiology of elm aphid galls and their effect on hosts (Gailite et al. 2005 , Samsone et al. 2007 Suzuki et al. 2009 , Kmieć et al. 2017 . The objective of this research was to quantify the effects of feeding of three galling aphid species on photosynthesis, estimated by a Chl fluorescence method and photosynthetic pigment contents in leaves of elms growing in urban green areas. This study used two type of galls (open and closed) and different locations of true galls on the leaf in order to determine whether the alteration in photosynthesis chemistry depended on the species. We documented the course of processes in the galls, adjacent galled and ungalled tissue, and intact leaves. We also tested whether multiple aphid galls on a single leaf resulted in more pronounced effect on photosynthesis.
Materials and methods

Plant material and insects:
The research was carried out on Ulmus glabra Huds., U. laevis Pall., and U. pumila L. trees, which were a part of urban green areas of Lublin, Poland (51.24°N, 22.57°S). The climate of the area is characterized by an annual mean temperature of 7.3°C, annual mean relative air humidity of 79%, and a total rainfall of 550 mm. During the experimental period, the weather was typical for the spring in Eastern Poland. The leaves of these elm species were galled by E. ulmi, C. compressa, and T. ulmi. Laterally compressed, cockscomb shaped, yellowish (reddish) galls of C. compressa are formed on the upper leaf surfaces, close to the midrib.
Visible discoloration of leaf blades below the gall is observed (Gailite et al. 2005 , Kmieć et al. 2016 . The galls of T. ulmi are stalked, bean shaped, smooth, and shiny. Initially they are green, mature are yellowish, mostly localised in the distal part of the leaf blade. Near each gall stalk, a part of lamina is discoloured and corrugated (Urban 2003, Kmieć et al. 2016) . Both types of galls are formed by a single fundatrix Kot 2007, Blackman and Eastop 2017) . Pseudogalls of E. ulmi are formed by downward curling, twisting, and blistering of one lateral edge of the elm leaf; the deformed part becomes yellowish or whitish green. Galls are established by one or occasionally several young stem mothers Kot 2010, Blackman and Eastop 2017) .
In our study, the galls of C. compressa and T. ulmi were never found on the same tree. The galls of E. ulmi were found occasionally together with T. ulmi galls. Therefore, intact and galling leaves of a particular aphid species were analysed separately on different elm species according to the dominant galling aphid: U. pumila with T. ulmi, U. glabra with E. ulmi, and U. laevis with C. compressa (Kmieć and Kot 2010 , Kot and Kmieć 2013 , Kmieć et al. 2016 . The measurements were conducted on leaves of 4-5 trees for each elm species. Owing to developmental differences of particular aphid species, systematic field observations were conducted from April. Plant material was analysed when galls were mature with larvae of the 3 rd and 4 th instar inside. For all analyses, intact leaves of a similar age (located at a similar site on the shoots and a similar canopy position) were used as a control. We did not find completely gall-free elm trees in any location. Therefore, due to aphid tendency to induce many galls on one shoot (personal observation), intact leaves were taken from the shoots without galls.
The measurements of Chl a fluorescence were performed under field conditions in situ, on sunny days with air temperatures about 20°C, between 9:00 and 11:00 h of the local time to avoid possible effects of midday photosynthetic depression, in three combinations: (1) intact leaves, (2) damaged part of galled leaf (with visible discoloration and/or corrugation), and (3) undamaged part of galled leaf (adjacent tissue without visible damage). For each aphid species, the measurements were performed on 60 leaves (20 leaves for each treatment) in the canopy up to 2 m high. In the case of leaves galled by T. ulmi, the number of galls on each analysed leaf was recorded. Chl fluorescence was measured with a PAM-2000 fluorometer (Walz GmbH, Germany) using the saturation pulse method (Schreiber et al. 1992) . The initial fluorescence was measured after dark adaptation (leaves were shaded for about 20 min with manufactured clips), when all PSII reaction centres were open (F0), and the maximum fluorescence (F m ) was measured at the end of the saturating light pulse [intensity ~ 2,800 µmol(photon) m ] was subsequently applied, and after 10 min, the ground fluorescence (F s ) was measured, as evidenced by the constant fluorescence levels. The maximum fluorescence at steady-state conditions (F m ') was determined by applying pulses of saturated white light every 60 s when the actinic light was on. Chl fluorescence was calculated according to the following equations:
The maximum quantum yield of PSII: F v /F m = (F m -F 0 )/F m , where F v equals the fluorescence increase induced by the saturation pulse.
The effective quantum yield:
Coefficient of photochemical fluorescence quenching:
The calculation of q P and q N required the F 0 ' parameter, which was experimentally obtained after a dark; red light pulse was applied to previously light-adapted leaves.
Pigment content: After Chl fluorescence measurements, the same leaves were collected for pigment analysis. The leaves were cut with scissors, kept in plastic bags, and brought to the laboratory within 1 h after collection. In the laboratory, the leaves were prepared for analysis. Firstly, C. compressa and T. ulmi galls were removed from the leaves using a scalpel. Subsequently, the aphids were removed from true and pseudogalls by a soft brush. Parts of the leaf blade with visible damage were cut off. The pigment content was analysed in four combinations for C. compressa and T. ulmi: (1) control (intact) leaves, (2) undamaged portions of galled leaves (without visible discoloration and corrugation), (3) damaged portions of galled leaves, (4) galls. Three combinations were used for E. ulmi: (1) intact leaves, (2) undamaged portions of galled leaves (without visible discoloration and corrugation), (3) pseudogalls. Fresh plant material was used for analysis. The content of pigments was determined according to the method described by Lichtenthaler and Wellburn (1983) after taking 0.5 g(fresh mass, FM) of leaf and 80% acetone extraction. The absorbance was measured at three wavelength (λ): 470 nm (carotenoids), 646 nm (Chl b), and 663 nm (Chl a), using a Cecil CE 9500 spectrophotometer (Cecil Instruments, Cambridge England).
The concentration of particular pigment was calculated according to the following formulas: Next, pigments concentrations were converted into their content in the leaf fresh mass. All analyses were performed in five replicates for each treatment.
Statistics: Data distribution was tested by the KolmogorovSmirnov´s test. Differences in photosynthetic parameters between tissues were examined using one-way analysis of variance (ANOVA) for data with normal distribution (U. laevis with C. compressa, U. pumila with T. ulmi). The Kruskal-Wallis test, as a nonparametric alternative to ANOVA, was applied after the rejection of data normality for photosynthetic parameters of U. glabra with E. ulmi and pigment contents in all elm tissues. Afterwards, post-hoc pairwise comparisons of means were applied. A simple regression model was employed to examine the relationship between the number of galls and photosynthetic parameters in U. pumila leaves galled by T. ulmi. The statistical significance was set at p≤0.05. All statistical analyses were performed using Statistica 13.1 (StatSoft, Poland).
Results
Galling−photosynthesis relationship:
Feeding of all analysed galling species resulted in significant differences in the values of all photosynthetic activity indices, except for the quantum yield value for C. compressa (Table 1) . The F 0 value was significantly affected by the galling of all analysed aphid species. This parameter showed the lowest values in damaged parts of all galled leaves and in E. ulmi pseudogalls. During aphid feeding the value of F 0 obtained in pseudogalls was the most strongly reduced, to 55% of the level of respective intact leaves (Table 1) . The highest level of PSII maximum quantum efficiency of all elm species was recorded in control leaves. This value was significantly reduced in both undamaged and damaged parts of galled leaves due to E. ulmi and T. ulmi feeding. The Fv/Fm value in leaf tissues above the galls of C. compressa (undamaged) was similar to control leaves. However, the maximum quantum yield of PSII below the gall (damaged part) was significantly reduced by 28% (Table 1 ). The effective quantum yield was affected only by E. ulmi and T. ulmi feeding. The subsequent decrease of Y value from the undamaged to damaged parts of galled leaves inhabited by both aphid species was observed. For the qP coefficient, a similar pattern of changes like in the case of F v /F m parameter, was noted. The reduction of q P value in the leaves galled by T. ulmi was the highest, while in those galled by C. compressa was the lowest one. The q N coefficient in the damaged parts of the leaves galled by all aphid species increased compared with control leaves. The highest increase, almost 2-fold, was caused by T. ulmi feeding. The q N value in the undamaged parts of leaves galled by E. ulmi and C. compressa showed a similar level to intact leaves (Table 1 ). The alterations of CF parameters were significantly correlated with the number of T. ulmi galls on the leaf blade. In our study, we recorded the highest number of six galls per leaf. Due to the increasing number of galls, F v /F m , q P , and Y values in the undamaged parts of leaves were reduced (Fig. 1A-C) . However, a strong positive correlation was found for the q N value and gall number (Fig. 1D ).
Pigment contents: Statistical analyses showed significant differences in pigment contents in elm tissues affected by all galling aphid species ( Table 2) . Feeding of E. ulmi caused a significant decrease of all analysed pigment contents only in pseudogall tissue compared with intact leaves. A slight decrease in pigment contents was observed in the undamaged and damaged portions of leaves galled by C. compressa. A high decrease in their content, from 25-fold for Car to 36-and 37-fold for Chl b and Chl a, respectively, was noted in gall tissues. The highest content of all analysed pigments was found in intact leaves of U. pumila. It was statistically significant, as compared to the damaged portions of galled leaves and gall tissues of T. ulmi. Similarly as the galls, pigment contents were also lower in comparison to the undamaged portions of galled leaves ( Table 2 ). The differences between tissues in the Chl a/b ratio were statistically confirmed only for T. ulmi (Table 2 ). The highest ratio of Chl a/b was found in the intact leaves. A gradual decline of the Chl a/b ratio was noted starting from the undamaged portions of galled leaves to gall tissues ( Table 2 ). The opposite was observed in C. compressa and E. ulmi, where the highest Chl a/b ratio was recorded in gall tissues. However, these differences were not statistically significant. The Chl/Car ratio in leaves affected by E. ulmi feeding and control was similar. Among aphids forming true galls, only C. compressa caused significant differences in the Chl/Car ratio between the tissues (Table 2) .
Discussion
The plant response to biotic stresses is poorly understood, mainly because its physiological effects are highly variable. The present study found that gall forming aphid infestation induced significant changes in photochemical activity of primary host trees.
Light energy, which is used for plant photosynthesis, is harvested by pigments including Chl a, Chl b, and Car, in the thylakoid membrane. Lower Chl concentration led to a decrease in leaf light absorption (Allakhverdiev 2011 , Yuan et al. 2018 . Our study clearly showed the lowest photosynthetic pigment content in gall tissues of all analysed aphid species in comparison with intact leaves and the adjacent undamaged and damaged portions of galled leaves, indicating a possible reduction of photosynthesis in neoplastic organs. Previous studies reported that low pigment contents, Chl fluorescence, and pigment-protein complexes indicated that galls had significantly smaller light-harvesting PSI and PSII antennae than that of host leaves, and had a higher capacity for excess energy dissipation (Yang et al. 2007 , Huang et al. 2011 , de Oliveira et al. 2011 , Castro et al. 2012 , Huang et al. 2014a .
In our study, a significant decrease of F0 and pigment contents was observed only in the damaged parts of leaves galled by T. ulmi and in pseudogalls of E. ulmi. F 0 is the primary Chl fluorescence yield, which measures the stability of the light-harvesting complex. It represents the fluorescence level when the PQ electron acceptor pool is fully oxidized, and it may change when exposed to stress. Generally, studies concerning of the effect of different abiotic factors on photosynthesis documented an increase of F0 values under light, drought, and salinity stress (Bączek-Kwinta et al. 2011 , Guo et al. 2016 . On the other hand, spider mite feeding on bean and apple leaves resulted in a decrease of the F 0 value (Iatrou et al. 1995, Warabieda and Borkowska 2004) . Changes of F 0 depend on the dominant factor between the energy dissipation and damage to PSII. The increase in F 0 may indicate initial forms of PSII reaction centers damage, and the disorder of the light energy transfer from antenna complexes. Lower F 0 values could result from increased photochemical efficiency, decreased antenna size, or a decrease in the amount of PSII per unit of leaf area (Allakhverdiev et al. 1997 , Sakov et al. 2015 .
The F v /F m decreased in the damaged and undamaged parts of leaves in U. pumila galled by T. ulmi and in U. glabra with E. ulmi galls. The decrease in F v /F m , according to stress factor, indicates reduced photochemical capacity and direct damage to PSII components (Maxwell and Johnson 2000 , Roháček 2002 , Bączek-Kwinta et al. 2011 . Contrary to our findings, Samsone et al. (2012) reported a decrease of the F v /F m value only in the damaged leaf parts of U. glabra galled by T. ulmi, but not in E. ulmi pseudogalls. In addition, they demonstrated that the occurrence of C. compressa galls on U. laevis leaves resulted in a significant decline of the F v /F m value in tissue below the gall, which was also confirmed in our research. Aldea et al. (2006 ), Fernandes et al. (2010 , and Huang et al. (2014b Huang et al. ( , 2015 did not show significantly different F v /F m values between gall-free hardwood leaves and those galled by midge flies. Similarly, the model of Populus tremuloides Michx. and midge flies (Nabity et al. 2012) , as well as Aspidosperma sp. trees with psyllid and cecidomyiid galls (de Oliveira et al. 2011) , did not exhibit photoinhibition in both non-galled portions of galled leaves and in gall tissues. On the other hand, the occurrence of midge Rhabdophaga rosaria (Loew) terminal rosette galls on willow induced a significant decrease of the Fv/Fm value (Samsone et al. 2011) . The decline in F v /F m value, according to the stress factor, suggests the diminished photochemical capacity of PSII, alterations in the photosynthetic pigments, and also adaptative processes (Bączek-Kwinta et al. 2011 . The occurrence of T. ulmi and E. ulmi galls resulted in a strong downregulation of the Y parameter in both damaged and undamaged parts of galled leaves. However, the presence of C. compressa galls did not affect the effective quantum yield of PSII photochemical conversion. High values of this parameter indicate that a large portion of photons absorbed by Chl of the PSII antenna is converted into chemical products (Kalaji et al. 2014) . Ilex aquifolium L. infested by scale insects had increased ΦPSII and enhanced photosynthetic electron transport (Retuerto et al. 2004) . On the other hand, scale insect feeding on orchid leaves decreased (not always significantly) the effective quantum yield (Kmieć et al. 2016) . In turn, galls of different arthropods (e.g. mite, midge flies, cynipid wasps) caused a significant reduction of PSII efficiency. The area of "normal" tissue with a lower effective quantum yield could be equal to the area with visible damage (Aldea et al. 2006) . Nabity et al. (2012) demonstrated that the reduction of ΦPSII was localized only in midge galls, however, transpiration was enhanced in the undamaged leaf tissue with galls. The q P coefficient corresponds to the portion of light energy absorbed by PSII reaction centers that are open, and is directed towards further photochemistry (Bączek-Kwinta et al. 2011, Murchie and Lawson 2013) . We found a significant decrease of this coefficient values in the damaged leaf parts galled by all analysed aphid species. Galling also reduced qP in the undamaged parts of U. pumila and U. glabra leaves, but not in U. laevis. This was related to the high increase in nonphotochemical quenching in the damaged parts of all galled leaves and undamaged parts of leaves galled by T. ulmi. The q N coefficient reflects the activation of several nonphotochemical processes (e.g. nonradiative dissipation of the excitation energy as heat, ATP synthesis regulation, changes in thylakoid membrane pH or xanthophyll cycle activation). Nonphotochemical quenching plays a key role in the protection of PSII from photodamage (Ashraf and Harris 2013) . The effect of abiotic (Bączek-Kwinta et al. 2011 and biotic (Franzen et al. 2008 , Samsone et al. 2012 , Golan et al. 2015 stress factors on the physiology of plants results usually in a high reduction of qP and a marked increase in q N .
An imbalance between energy capture and utilization can result in an overreduction of the electron transport chain, photoinhibition, and oxidative stress caused by photoreduction of oxygen to superoxide in Mehler reaction. Formation of reactive oxygen species can damage photosynthetic apparatus and cell structure (Guo et al. 2017) . Maximum quantum yield of PSII primary photochemistry increases along with elm leaf growth (Jiang et al. 2006) . On the other hand, galls can be formed only on young, growing plant tissues (Wool 2004) . The development of PSII complexes in newly expanding leaves may be disrupted by the galling process. Aphids, as phloem feeders, trigger a complex and interacting array of molecular and physiological responses in plants, which feedbacks to photosynthesis. They could alter water transport, stomatal aperture, as well as sucrose transport and loading (Botha et al. 2006 , Nabity et al. 2009 ). Furthermore, plant signalling pathways, including the jasmonic acid and salicylic acid pathways, required for suppression of photosynthesis and growth, are activated upon aphid feeding (Zhou et al. 2015) . The strongest inhibitory effect on photosynthesis photochemistry was found for T. ulmi galls. Aphids feeding in closed galls clearly decreased photosynthesis intensity in both damaged and undamaged parts of galled leaves. The increasing number of T. ulmi galls progressively decreased photosynthetic performance in U. pumila leaves. The inhibitory effect on photosynthesis photochemistry, dependent on gall density, was also characteristic for Salix sp. infested with R. rosaria, S. fragilis and Pontania vesicator (Bremi-Wolf) (Hymenoptera), Prunus padus L. with Eriophyes padi Nal. (Acari), Machilus thunbergii Sieb. (Samsone et al. 2011 , Huang et al. 2014b . Leaf roll pseudogalls of E. ulmi were distinguished by visible chlorosis, similarly to the area around the stalks of T. ulmi galls. This might be explained by a significant reduction in Chl a and b as well as Car contents observed in those areas, as compared to intact leaves. Chlorosis of Eucalyptus obliqua (L'Herit.) leaves with a significant decrease in pigment content was induced by the feeding of gall-forming psyllid (Khattab and Khattab 2005) . On the other hand, we did not observe a significant reduction in pigment content in galled leaves both above and below the galls of C. compressa, despite slight discoloration of the leaf blade. However, Samsone et al. (2007) showed a significantly lower Chl content (indicated by SPAD measurements) in affected tissue compared to galled leaf above the gall and intact leaves of U. laevis. Variation in the Chl a/b and Chl/Car ratios is used as an indicator of stress and damage to the photosynthetic apparatus (Ni et al. 2002 , Heng-Moss et al. 2003 . Despite the reductions in Chl a and b and Car contents, we did not observe significant differences in the Chl a/b ratio. Heng-Moss et al. (2003) reported a similar pattern for D. noxia feeding. However, Castro et al. (2012) and Gailite et al. (2005) showed a significant decrease in the Chl a/b ratio in gall tissues in comparison with non-galled leaves, also in the case of C. compressa, E. ulmi, and T. ulmi. We did not find differences between tissues in the Chl/Car ratio for E. ulmi and T. ulmi galling, despite visible changes in leaf appearance. A similar relationship was observed in the D. noxia and wheat model (Ni et al. 2002) . In galls of C. compressa and tissue below the gall, the Chl/Car ratio was significantly lower compared to the undamaged portions of galled and intact leaves. This may be the result of reddish/yellowish coloration of cockscomb-shaped galls. The low Chl/Car ratio was also reported in midge galls on Litsea acuminate (Blume) (Huang et al. 2015) .
In conclusion, we discovered the significant effect of galling on photosynthesis photochemistry of the primary host for all analysed aphid species. The strongest suppression of photosynthesis and pigment contents was revealed in T. ulmi and U. pumila interactions. No clear differences between the impact of open and closed galls were found. The suppression of photosynthesis in different parts of galled leaves was partly associated with the reduction of the pigment content. The galls varied in a shape, colour, and location on the leaf, but all were characterised by pigment content deficiency, indicating that the photosynthetic capacity must have been lower in galls or that there was no photosynthesis.
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